
Peter Jackson a couple of years ago, did an essay called "The Red/Green Sock Trick. Can 
Mathematics Demystify Nature?” he showed that this pairing (see below) of (red,green)sock-tops and 
(red,green)socks couldn't be described in our maths through correlations. Well it is easy to draw, the
places where the sock-tops are and the space (“area”) where the socks are, and the place within that 
space where we have a and b and actionable a and b, on the hypotenuse box, see below. 

Nature's dipoles are +i and -i, or <| and |> as your globe demonstration shows and clearly our 
maths is fallible. 

The point of Peter's most excellent essay is --- what are the the limits of our mathematical intuitions
as regards to our physical experiences and how they relate to geometric thought. 

I tried really really hard to make the basic concepts as simple as possible like when explaining to 
children. For example a number is an area. On a sand pit ask them to draw “a number on the sand”, 
well what would you expect adults to draw as to what children actually draw. That's the exact point 
which  Peter questions. What do you draw with a stick on sand when asked “draw a number on the 
sand, kids” I will give you a couple of mins and remember don't draw on other children's drawings 
– plenty of sand for all you. 

Then you ask the children this question –  “draw numbers”.  See class, you have a number in front 
of you, now draw “numbers”. Concisely that's the point of this essay. Slight difference to what our 
maths addresses (as Peter's essay points out so well) as being fundamental “a number”, what is 
fundamental is “numbers” as a totality. You might have some kids who draw “numbers” as

1) a part of number, or
2) apart from number. 

You do get interesting drawings when you ask adults or children of different ages.

It's these relationships “as physical drawing elements” (i.e. point 1 and point 2) –  is the essay – in a
nutshell . Technically what we are doing is making the invariant ratio “the geometric:algebraic” – a 
diagram with (an area) measure of i².   

You can see Peter's essay really set my mind to thinking. I can solve that and basically I worked it 
out in a couple of days and then forget about it really …  well that is off the point.
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Hypotenuse is <bra|*ii*|ket> 
or c=i=h, where c=i and i=h are 
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Yes. The Born Rule squares the modulus (absolute value) to ensure positive probabilities, 
right? 
The Born Rule is -- the modulus |Ψ|² or Ψ*Ψ “equals” the probability of the event.  

Ψ*Ψ = (a – ib)(a + ib) = a² + b² 
where the wavefunction Ψ is in general a complex number z = (a + ib) and its complex conjugate is 
z* = (a – ib)

But there is a subtle way of looking at this rule that's weird. The Born rule ensures +ve probabilities
but it doesn't say that we need to use only the +ve roots. 

Eg, the principal square root of 9 is +√9 = +3 , while the other square root of 9 is -√9 = -3. 

So if we know that in maths we have probabilities we can prove that the “square root” is positive 
since it must be the principal square root. 

Hence there is no place or space for “negative square roots” in qm because of our mathematics.  We
don't say that in the Pythagoras Triangle, when used in real-life geometry, has a physical solution of 
-√2 do we, even if our maths insists that it is there “somewhere” since in our maths it MUST be 
there existing. 

So when we say that the probabilities in the slide see below is (0.71)² that follows normal maths, 
but when we then say as the slide “But, crucially, if the wave function had been -0.71 we would 
have the same probability, since (-0.71)² also. That's what happened in our interference 
experiment.”

Let the blue triangle be the Principal Branch solution (+√2)²
 
that is +2

Let the red triangle be “interference” branch solution (–√2)² that is +2

but it's not obvious what the length of the red triangle legs are  +1,+1 or –1,–1  or a combination of 
the two  +1,–1 or  –1,+1 since all these squared all give “one”. Once you allow negative square 
roots to be used as the basis for a probability it becomes impossible to understand what these 
mysterious legs are and how they can relate to the blue triangle. All we know is same answer can be
got from different “paths”
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Well all we can say 
is the hypotenuse 
has the same area, 
but the red triangle 
is not related to the 
blue triangle legs.  

If the blue triangle paths we have the sofa and 
table as the endpoints. But the negative route 
gives us other “mysterious” paths to follow let 
us say that they are the scratching post and the 
bowl. So we can explain why the cat ends up 
only in one location 



Slide from https://www.slideshare.net/seanmcarroll/the-many-worlds-of-quantum-mechanics

blue triangle    (table)² + (sofa)²  = (cat)²
 
 =  Ψ*Ψ = (table + isofa)(table – isofa) = (table)² + (sofa)² 

red triangle (bowl)² + (post)²  = (cat)²  =  Ψ*Ψ = (bowl – ipost)(bowl + ipost) = (bowl)² + (post)² 

So the cat seems to be “two things” at once or a wave or particle the cat is literally smeared out in 
this diagram above in the white area. This is picture of how we get <wave|particle> complimentary 
or in this diagram we have a +pole at | > and the –pole (a hole) at < |, that is both directions at once 
<Ψ*|catoperator|Ψ>. Realise in the slide above the cat is the “object” not a location, that is just an 
area. The way we did it in normal qm was to use the +pole only that is +i complex number z=a+ib 
but the -pole (a hole) -i complex number is z= a–ib can be defined as well.
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Let the area of the hypotenuse literally be the (cat)2

Let us say that going in the clockwise direction is +√
Let us say that the anticlockwise direction is -√  
crucially we change the sign in  -√ direction. As if 
complex numbers are now z = a – ib 
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The cat is the white area. Now define < | = –√ = Ψ* 
and | > = +√ = Ψ yes we have two sorts of complex 
numbers!

Or <Ψ*||Ψ> is literally i²cat² where i² is ±i.  

So long as we have the blue legs table and the sofa we 
can the understand how the cat got there, the first two 
pictures in the slide. This the same as observing a two-
slit experiment and seeing which slit (the post OR the 
bowl) the cat went through (don't feel sorry for the cat 
just yet). While the third picture sequences, the “weird 
quantum” interference (the post AND the bowl) result. 
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